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Clinical PerspectiveWhat Is New?This study demonstrated that the natriuretic response to a loop diuretic (bumetanide) was enhanced in normal volunteers given a sodium‐glucose--linked transporter 2 inhibitor (dapagliflozin) for 1 week and that natriuretic response to a sodium‐glucose--linked transporter 2 inhibitor was enhanced in normal volunteers given bumetanide for 1 week.Therefore, these 2 groups of drugs act synergistically.What Are the Clinical Implications?Administration of a sodium‐glucose--linked transporter 2 inhibitor may be helpful to treat loop diuretic resistance in patients with heart failure, perhaps even in those who do not have diabetes mellitus.

 {#jah32940-sec-0009}

Dapagliflozin is a selective and competitive inhibitor of the renal proximal tubule sodium‐glucose--linked transporter 2 (SGLT2).[1](#jah32940-bib-0001){ref-type="ref"}, [2](#jah32940-bib-0002){ref-type="ref"}, [3](#jah32940-bib-0003){ref-type="ref"}, [4](#jah32940-bib-0004){ref-type="ref"} It is approved for the treatment of type 2 diabetes mellitus (T2DM), where it promotes glycosuria.[1](#jah32940-bib-0001){ref-type="ref"}, [5](#jah32940-bib-0005){ref-type="ref"} T2DM increases the incidence of congestive heart failure (CHF).[6](#jah32940-bib-0006){ref-type="ref"}, [7](#jah32940-bib-0007){ref-type="ref"} Although thiazides may be sufficient to treat mild heart failure, loop diuretics are currently widely used to manage fluid retention for more severe heart failure.[8](#jah32940-bib-0008){ref-type="ref"}, [9](#jah32940-bib-0009){ref-type="ref"} Empagliflozin was reported recently to reduce cardiovascular events and death in patients with T2DM.[10](#jah32940-bib-0010){ref-type="ref"} As reviewed recently, SGLT2 inhibitors are unlike other glucose‐lowering agents in that they can improve heart failure outcomes in patients with T2DM.[7](#jah32940-bib-0007){ref-type="ref"} Thus, SGLT2 inhibitors may become widely used in T2DM,[10](#jah32940-bib-0010){ref-type="ref"} but their interactions with loop diuretics have not been reported.

Bumetanide is metabolized largely by hepatic cytochrome P450, whereas dapagliflozin is metabolized largely by glucuronidation.[6](#jah32940-bib-0006){ref-type="ref"} Thus, there is little potential for pharmacokinetic interaction,[11](#jah32940-bib-0011){ref-type="ref"} but this has yet to be tested.[5](#jah32940-bib-0005){ref-type="ref"}, [12](#jah32940-bib-0012){ref-type="ref"}

Prolonged administration of loop diuretics increases Na^+^ reabsorption at more distal nephron segments, thereby limiting Na^+^ loss.[12](#jah32940-bib-0012){ref-type="ref"}, [13](#jah32940-bib-0013){ref-type="ref"} This "diuretic braking phenomenon"[14](#jah32940-bib-0014){ref-type="ref"} ultimately leaves many patients with CHF with an expanded blood volume that predicts adverse outcomes.[15](#jah32940-bib-0015){ref-type="ref"} Thus, new strategies for treatment of Na^+^ retention are needed.[13](#jah32940-bib-0013){ref-type="ref"}, [16](#jah32940-bib-0016){ref-type="ref"}, [17](#jah32940-bib-0017){ref-type="ref"}, [18](#jah32940-bib-0018){ref-type="ref"}, [19](#jah32940-bib-0019){ref-type="ref"}

SGLT2 accounts for a portion of proximal Na^+^ reabsorption[5](#jah32940-bib-0005){ref-type="ref"}, [20](#jah32940-bib-0020){ref-type="ref"}, [21](#jah32940-bib-0021){ref-type="ref"} and, in subjects with T2DM,[22](#jah32940-bib-0022){ref-type="ref"} its inhibition causes an osmotic diuresis that can enhance Na^+^ excretion, leading to a potentially beneficial decrease in blood pressure (BP).[23](#jah32940-bib-0023){ref-type="ref"} Thus, SGLT2 inhibitors may be favored in volume‐expanded patients with T2DM and hypertension or CHF, but the interaction between SGLT2 inhibitors and loop diuretics requires study. An augmented natriuresis on initial testing with 2 drugs together, compared with the most effective drug given alone, would indicate an additive interaction[24](#jah32940-bib-0024){ref-type="ref"}; an augmented natriuresis with one diuretic when given during ongoing administration of the other would indicate an adaptive interaction, such as has been shown with loop diuretics and thiazides.[13](#jah32940-bib-0013){ref-type="ref"} This study tested the hypothesis that there are pharmacokinetic and pharmacodynamic interactions between these 2 classes of diuretics in normal human volunteers.

Methods {#jah32940-sec-0010}
=======

The data that support the findings of this study are available from the corresponding author on reasonable request.

Subjects {#jah32940-sec-0011}
--------

Healthy men and nonpregnant women (aged 18--45 years) with a body mass index of 18 to 32 kg·m^−2^ were enrolled.

Study Design {#jah32940-sec-0012}
------------

This randomized, open‐label, parallel‐group study was conducted in accordance with the *Guidelines for Good Clinical Practice of the International Committee on Harmonization* and the US Code of Federal Regulations. It was approved by the Institutional Review Board of Integreview Ltd (Austin, TX). All subjects provided written informed consent.

Subjects entered the study center 2 days (day −2) before commencement of study drug administration and remained until day 15, consuming a constant diet (daily intake of sodium, \<20--30 mmol; calcium, ≈1 g; phosphorus, ≈1 g; and potassium, ≈65 mmol) with 2 salt tablets (1 g each) taken 3 times daily with meals to provide ≈100 to 110 mmol·d^−1^ Na^+^ intake (equivalent to a salt‐restricted diet for CHF).

Study Drugs {#jah32940-sec-0013}
-----------

Subjects were randomized to receive once‐daily bumetanide (1 mg), dapagliflozin (10 mg) or bumetanide plus dapagliflozin on days 1 through 7. All subjects received once‐daily bumetanide, 1 mg, plus dapagliflozin, 10 mg, on days 8 through 15. For pharmacokinetic studies, medication was taken after a 10‐hour overnight fast and no food was permitted for 4 hours thereafter.

Pharmacokinetic Evaluation {#jah32940-sec-0014}
--------------------------

Blood (4‐mL) samples were collected serially over 24 hours for the determination of plasma pharmacokinetic parameters (the minimal and maximal serum concentrations, C~min~ and C~max~, the time to maximal plasma concentration, T~max~ and the area under the curve extrapolated to infinite time, AUC~tau~). Dapagliflozin and bumetanide in plasma were assayed using solid‐phase extraction and liquid chromatography--tandem mass spectrometry, respectively. Pharmacokinetic parameters were determined with noncompartmental methods using the Kinetica v 4.4.1 (Thermo Electron Corp, Philadelphia, PA) Pharmacokinetic Analysis Program.

Pharmacodynamic Evaluation {#jah32940-sec-0015}
--------------------------

Urine was collected at 6‐hour intervals on days 1 and 8 and over 24 hours on other days for measurement of volume and electrolyte, osmolality, glucose, creatinine, and uric acid concentrations. Fasting serum samples were obtained before dosing on days 1, 8, and 15 for the determination of electrolytes, glucose, creatinine, uric acid, and plasma renin activity (PRA).

Safety Assessments {#jah32940-sec-0016}
------------------

Adverse events were assessed throughout, and seated BP was taken daily.

Statistical Analysis {#jah32940-sec-0017}
--------------------

The primary outcome variables were the 24‐hour Na^+^ excretion on day 1 (first exposure) and day 8 (second drug regimen). A first‐dose additive interaction was tested by ANOVA, comparing Na^+^ excretion with bumetanide or dapagliflozin alone with bumetanide+dapagliflozin. An adaptive (synergistic) interaction was tested by comparing Na^+^ excretion with bumetanide alone (day 1) with bumetanide added during ongoing dapagliflozin administration (day 8) and similarly for dapagliflozin. Descriptive statistics were applied to the other data using Wilcoxon tests. For assessment of pharmacokinetic interactions, point estimates of the ratios of the adjusted geometric means for dapagliflozin plus bumetanide versus either bumetanide or dapagliflozin alone were calculated with respective 95% confidence intervals. Data were presented as mean±SEM. *P*\<0.05 was accepted as significant.

Results {#jah32940-sec-0018}
=======

Study Subjects {#jah32940-sec-0019}
--------------

Forty‐two healthy subjects (32 men and 10 women) were enrolled (Table [S1](#jah32940-sup-0001){ref-type="supplementary-material"}).

### Pharmacokinetics {#jah32940-sec-0020}

Plasma concentration versus time curves for dapagliflozin and bumetanide were similar when given alone or when coadministered (Figure [1](#jah32940-fig-0001){ref-type="fig"}). There were no major changes in pharmacokinetic parameters (Table [S2](#jah32940-sup-0001){ref-type="supplementary-material"}).

![Mean±SEM values (n=14 per group) for log serum concentration vs time profiles for serum bumetanide concentration when given alone (solid circles and continuous lines) or coadministered with dapagliflozin (open triangle and dotted lines; A) or serum dapagliflozin concentration when given alone (solid squares and dashed lines) or coadministered with bumetanide (open triangle and dotted lines; B) as a function of time after dosing. There were no significant differences between test days.](JAH3-7-e007046-g001){#jah32940-fig-0001}

### BP and heart rate {#jah32940-sec-0021}

There were no changes in systolic, diastolic, or mean BP. However, the heart rate increased by 10 to 15 minutes^−1^ after 1 week of administration of each diuretic individually and in combination (Table [S3](#jah32940-sup-0001){ref-type="supplementary-material"}).

### Renal excretion of fluid and glucose {#jah32940-sec-0022}

Renal fluid excretion increased on the first day of each treatment but declined thereafter (Figure [2](#jah32940-fig-0002){ref-type="fig"}A). Glucose excretion and urine osmolality increased on the first day with dapagliflozin and combined treatments and remained elevated throughout (Figure [S1](#jah32940-sup-0001){ref-type="supplementary-material"}).

![Mean±SEM values (n=14 per group) for daily renal excretion of fluid (A) and sodium (B) over time after administration of diuretics.](JAH3-7-e007046-g002){#jah32940-fig-0002}

### Renal excretion of Na^+^, K^+^, osmoles, urate, Ca^2+^, and Mg^2+^ and creatinine clearance {#jah32940-sec-0023}

The first dose of dapagliflozin increased Na^+^, K^+^, osmoles, and urate excretion by 34%, 44%, 31%, and 51%, respectively (all *P*\<0.005; Table [S4](#jah32940-sup-0001){ref-type="supplementary-material"}). When dapagliflozin was given after 1 week of bumetanide, there was a 2‐fold greater (*P*\<0.005) increase in Na^+^ excretion (74%) compared with dapagliflozin alone but a similar 24% increase in osmoles excretion (Table [S4](#jah32940-sup-0001){ref-type="supplementary-material"}). However, K^+^ excretion no longer increased (Figure [S3](#jah32940-sup-0001){ref-type="supplementary-material"}). Urate excretion remained substantially increased (85%; *P*\<0.005) (Figure [2](#jah32940-fig-0002){ref-type="fig"} and Figure [S4](#jah32940-sup-0001){ref-type="supplementary-material"}).

The first dose of bumetanide increased Na^+^ excretion by 106%, which was 3‐fold more than dapagliflozin (*P*\<0.005; Table [S5](#jah32940-sup-0001){ref-type="supplementary-material"}). Bumetanide increased K^+^ excretion by 45% (*P*\<0.005), which was similar to dapagliflozin alone (Figure [S2](#jah32940-sup-0001){ref-type="supplementary-material"}), but reduced (*P*\<0.05) urate excretion by 16% (Figure [S3](#jah32940-sup-0001){ref-type="supplementary-material"}). When given after 1 week of dapagliflozin, there was a 58% greater (*P*\<0.05) increase in Na^+^ excretion with bumetanide, of 168%, compared with bumetanide alone, whereas K^+^ excretion increased by 18%, which was less than with bumetanide alone (*P*\<0.05). There was no longer a reduction in urate excretion.

The first dose of both diuretics given together increased Na^+^ and K^+^ excretion by 121% and 36%, respectively, which was not significantly different from bumetanide alone, but increased urate excretion by 21%, which was contrary to the effects of bumetanide alone and approximately half of the increase with dapagliflozin alone (Table [S6](#jah32940-sup-0001){ref-type="supplementary-material"}).

The Na^+^ excretion in the first 6 hours after 1 week of combined diuretic administration increased less than in the first 6 hours after the first week of combined administration (Figure [3](#jah32940-fig-0003){ref-type="fig"} and Table [S6](#jah32940-sup-0001){ref-type="supplementary-material"}). Na^+^ excretion decreased sharply over 6 to 24 hours after bumetanide or combined treatments (Figure [3](#jah32940-fig-0003){ref-type="fig"}). The net effects of the exaggerated increase in 6‐hour Na^+^ excretion after dapagliflozin given after a week of bumetanide were somewhat offset by greater reductions in Na^+^ excretion in the following 6 to 24 hours (Figure [3](#jah32940-fig-0003){ref-type="fig"}). The mean daily excretions of fluid, Na^+^, and K^+^ over 1 week of diuretics were greater after combined diuretic administration than after dapagliflozin alone (Figure [4](#jah32940-fig-0004){ref-type="fig"} and Table [1](#jah32940-tbl-0001){ref-type="table-wrap"}), whereas the daily excretion of fluid, glucose, and uric acid was greater after combined diuretic administration than after bumetanide alone (Figure [4](#jah32940-fig-0004){ref-type="fig"} and Table [1](#jah32940-tbl-0001){ref-type="table-wrap"}). The mean daily Na^+^ excretion during the second week of combined therapy was greater than after either diuretic alone (Figure [4](#jah32940-fig-0004){ref-type="fig"} and Table [1](#jah32940-tbl-0001){ref-type="table-wrap"}).

![Mean±SEM values (n=14 per group) for 6 hourly sodium excretions during the 24 hours after diuretic dosing. In each panel, the first bar refers to the first administration when given alone on day 1, and the second to the first administration when given on day 8 after adaptation to the other diuretic. Response to bumetanide (A), dapagliflozin (B) and dapagliflozin + bumetanide (C) represent increases in Na+ excretion from the corresponding times of the previous days. \**P*\<0.05, \*\**P*\<0.01, \*\*\**P*\<0.005 (compared with day 1).](JAH3-7-e007046-g003){#jah32940-fig-0003}

![Mean±SEM values (n=14 per group) for mean daily excretion of sodium (A), potassium (B), and urate (C) over 7‐day periods during administration of dapagliflozin (open boxes), bumetanide (diagonal shading), or the combination given during 1 week (double cross‐hatched shading) or a second week (horizontal shading).](JAH3-7-e007046-g004){#jah32940-fig-0004}

###### 

Total Renal Excretion During 1‐Week Periods of Diuretic Administration

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Parameter            Dapagliflozin (Day 1--7)   Bumetanide (Day 1--7)   Dapagliflozin and Bumetanide (Day 1--7)            Dapagliflozin and Bumetanide (Day 8--14)
  -------------------- -------------------------- ----------------------- -------------------------------------------------- --------------------------------------------------
  Volume, mL·wk^−1^    16 082±2146                16 445±1612             20 033±1983\                                       16 272±1567
                                                                          (*P*\<0.05 vs dapagliflozin or bumetanide alone)   

  Glucose, g·wk^−1^    239±20                     0.3±0.06                188±20\                                            150±19\
                                                                          (*P*\<0.05 vs bumetanide)                          (*P*\<0.05 vs bumetanide)

  Na^+^, mmol·wk^−1^   625±15                     669±46                  723±28\                                            742±19\
                                                                          (*P*\<0.05 vs dapagliflozin alone)                 (*P*\<0.05 vs dapagliflozin or bumetanide alone)

  K^+^, mmol·wk^−1^    415±24                     454±32                  514±35\                                            442±28
                                                                          (*P*\<0.05 vs dapagliflozin alone)                 

  Urate, mg·wk^−1^     3382±187                   2249±160                3163±211\                                          2598±160
                                                                          (*P*\<0.05 vs bumetanide alone)                    

  Ca^++^, mg·wk^−1^    597±76                     667±54                  646±33                                             707±40

  Mg^++^, mg·wk^−1^    548±37                     613±48                  611±42                                             552±52
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data are given as mean±SEM values for total renal excretion over 1 week of dapagliflozin, bumetanide, or combined therapy, and during the second week of combined therapy.

The calcium and magnesium excretion levels were similar during all periods (Figure [S4](#jah32940-sup-0001){ref-type="supplementary-material"}), as was the creatinine clearance (Figure [S5](#jah32940-sup-0001){ref-type="supplementary-material"}).

### Serum values {#jah32940-sec-0024}

There were no clinically significant changes in serum sodium, osmolality, or creatinine concentrations (Table [2](#jah32940-tbl-0002){ref-type="table-wrap"}). Serum glucose was reduced modestly by dapagliflozin or combined administration (Table [2](#jah32940-tbl-0002){ref-type="table-wrap"}), reflecting a sharp increase in urinary glucose excretion (Figure [S1](#jah32940-sup-0001){ref-type="supplementary-material"}). Serum potassium was unchanged by dapagliflozin alone but was reduced 7% by bumetanide alone and 12% by the combination (Table [2](#jah32940-tbl-0002){ref-type="table-wrap"}), reflecting increases in renal K^+^ excretion (Figure [S2](#jah32940-sup-0001){ref-type="supplementary-material"}). Serum urate was reduced 36% by dapagliflozin alone, was increased 3% by bumetanide alone, and was reduced 22% by the combination (Table [2](#jah32940-tbl-0002){ref-type="table-wrap"}). Urate excretion peaked quickly after dapagliflozin and combined administration, followed by a decline, but there was a sustained increase in renal urate clearance (Figure [S3](#jah32940-sup-0001){ref-type="supplementary-material"}).

###### 

Serum or Plasma Values Before and After 1 or 2 Weeks of Diuretic Administration

  Parameter                                Before (Day ‐1)   Dapagliflozin (Day 8)                               Before (Day ‐1)   Bumetanide (Day 8)                                 Before (Day ‐1)   Dapagliflozin+Bumetanide (Day 8)                    Dapagliflozin+Bumetanide (Day 14)
  ---------------------------------------- ----------------- --------------------------------------------------- ----------------- -------------------------------------------------- ----------------- --------------------------------------------------- --------------------------------------------------
  S~Na~, mmol·L^−1^                        137.9±0.5         138.1±0.4                                           137.7±0.3         137.8±0.3                                          138.1±0.4         137.1±0.4[\*](#jah32940-note-0005){ref-type="fn"}   138.3±0.5
  S~osm~, mOsmol·L^−1^                     283.5±0.8         285.4±0.7[\*](#jah32940-note-0005){ref-type="fn"}   283.9±1.0         285.4±0.9                                          284.4±0.9         283.3±0.9                                           284.3±1.0
  Serum glucose, mg·dL^−1^                 86.3±2.0          82.3±2.0[†](#jah32940-note-0005){ref-type="fn"}     88.4±2.2          85.5±1.8[\*](#jah32940-note-0005){ref-type="fn"}   87.2±1.4          82.4±2.5[\*](#jah32940-note-0005){ref-type="fn"}    84.0±1.7[\*](#jah32940-note-0005){ref-type="fn"}
  S~K~, mmol·L^−1^                         4.5±0.09          4.4±0.08                                            4.4±0.07          4.1±0.09[\*](#jah32940-note-0005){ref-type="fn"}   4.6±0.1           4.1±0.07[‡](#jah32940-note-0005){ref-type="fn"}     4.0±0.008[‡](#jah32940-note-0005){ref-type="fn"}
  Surate, mmol·L^−1^                       5.5±0.3           3.5±0.2[‡](#jah32940-note-0005){ref-type="fn"}      5.9±0.3           6.1±0.4[\*](#jah32940-note-0005){ref-type="fn"}    5.4±0.4           4.2±0.3[†](#jah32940-note-0005){ref-type="fn"}      4.3±0.3[\*](#jah32940-note-0005){ref-type="fn"}
  S~Cr~, mg·dL^−1^                         0.9±0.05          1.0±0.04[‡](#jah32940-note-0005){ref-type="fn"}     0.9±0.04          1.0±0.05[\*](#jah32940-note-0005){ref-type="fn"}   0.9±0.05          1.0±0.05[‡](#jah32940-note-0005){ref-type="fn"}     1.0±0.05[‡](#jah32940-note-0005){ref-type="fn"}
  Plasma renin activity, ng·mL^−1^·h^−1^   3.4±0.7           3.4±0.9                                             3.6±0.8           7.8±1.8[\*](#jah32940-note-0005){ref-type="fn"}    5.6±1.2           9.8±2.0                                             6.2±1.1

Data are given as mean±SEM values before and after 1 week of dapagliflozin alone (10 mg·d^−1^), or 1 week of bumetanide alone (mg·d^−1^), or after 1 and 2 weeks of dapagliflozin and bumetanide combined. S~Cr~ indicates serum creatinine; S~K~, serum potassium; S~Na~, serum sodium; S~osm~, serum osmoles; and Surate, serum urate.

\**P*\<0.05, ^†^ *P*\<0.01, ^‡^ *P*\<0.005 (compared with before).

### Plasma renin activity {#jah32940-sec-0025}

PRA was increased by 117% (*P*\<0.05) after 1 week of bumetanide alone and remained increased after additional dapagliflozin (Table [2](#jah32940-tbl-0002){ref-type="table-wrap"} and Figure [S6](#jah32940-sup-0001){ref-type="supplementary-material"}). PRA was unchanged by dapagliflozin but was increased after additional bumetanide. PRA was not significantly changed by 1 week of combined bumetanide and dapagliflozin.

### Adverse events {#jah32940-sec-0026}

No deaths or serious adverse events occurred, but 81 mild adverse events were reported, which were equivalent in each group (Table [S7](#jah32940-sup-0001){ref-type="supplementary-material"}). One subject experienced syncope on the third day of combined administration, accompanied by some orthostatic hypotension. One required oral potassium chloride to treat hypokalemia at completion.

Discussion {#jah32940-sec-0027}
==========

Dapagliflozin increased excretion of glucose and urate substantially and of fluid, osmoles, K^+^, and Na^+^ modestly in these euglycemic subjects, whereas bumetanide caused a 3‐fold larger increase in initial Na^+^ excretion, a similar increase in fluid and K^+^ excretion, but a reduction in urate excretion.[25](#jah32940-bib-0025){ref-type="ref"} The main new findings are that the initial Na^+^ excretion after bumetanide plus dapagliflozin was no greater than after bumetanide alone, indicating no first‐dose synergy. However, dapagliflozin administration for 1 week enhanced the Na^+^ excretion with bumetanide, and bumetanide administration for 1 week enhanced the Na^+^ excretion with dapagliflozin. Thus, there was significant 2‐way adaptive natriuretic synergy. This resulted in a greater Na^+^ excretion during the second week when both diuretics were given together than during the first week of dapagliflozin or bumetanide alone. Because the Na^+^ excretion over 6 hours after the first exposure to combined diuretics was no greater than after first exposure to bumetanide alone, prior diuretic administration was required to evoke this synergistic natriuretic interaction. The early increased Na^+^ excretion after bumetanide was followed by a sharp reduction over the next 18 hours, similar to prior reports for bumetanide[25](#jah32940-bib-0025){ref-type="ref"} and furosemide.[14](#jah32940-bib-0014){ref-type="ref"} Na^+^ excretion over the 6 hours after combined bumetanide and dapagliflozin was reduced after 1 week of combined administration, indicating diuretic tolerance. Thus, the adaptive synergistic responses that developed after 1 week of prior administration of the other drug were moderated by diuretic tolerance. These results translated into a greater mean daily excretion of Na^+^ during the second week of combined therapy than after dapagliflozin or bumetanide alone.

The modest natriuresis with dapagliflozin in euglycemic subjects is consistent with prior studies in normal subjects.[2](#jah32940-bib-0002){ref-type="ref"}, [26](#jah32940-bib-0026){ref-type="ref"} However, dapagliflozin increased glycosuria significantly, suggesting enhanced delivery of fluid and Na^+^ out of the proximal tubule that should have increased reabsorption in the loop of Henle by the Na^+^/K^+^/2Cl, which is load dependent. However, any increased Na^+^ delivery from the proximal tubule was likely modest because natriuresis with the first dose of dapagliflozin was not enhanced by blockade of Na^+^/K^+^/2Cl with bumetanide. Similarly, blockade of Na^+^ reabsorption in the proximal tubule by acetazolamide caused only a minor first‐dose additive increase in Na^+^ excretion with furosemide.[27](#jah32940-bib-0027){ref-type="ref"} We conclude that there is no significant additive natriuresis with dapagliflozin and bumetanide on first administration. However, there is an adaptive natriuresis over 1 week that is reminiscent of the synergy between loop and thiazide diuretics in subjects adapted to loop diuretics.[13](#jah32940-bib-0013){ref-type="ref"}, [24](#jah32940-bib-0024){ref-type="ref"} Interestingly, despite rather modest natriuresis, administration of dapagliflozin to patients with T2DM reduced the blood volume, whereas treatment with a thiazide was not effective. It is possible that the relatively better volume‐depleting effects of dapagliflozin were attributable to volume loss without increase in renin.

Thomson et al^5^ reported that dapagliflozin increased sodium excretion (U~Na~V) by 3‐ to 4‐fold in a rat model of early type 1 diabetes mellitus. However, this was dissipated during regular administration, despite a maintained reduction in proximal tubule fluid reabsorption of ≈24%[5](#jah32940-bib-0005){ref-type="ref"} because of an adaptive increase in NaCl reabsorption by the loop of Henle via the Na^+^/K^+^/2Cl luminal transporter. This adaptation could underlie the increased Na^+^ excretion with bumetanide observed in this study in subjects adapted to a week of dapagliflozin.

Volume depletion, as produced by 1 week of loop diuretics, enhances proximal Na^+^ reabsorption.[28](#jah32940-bib-0028){ref-type="ref"} An adaptive increase in proximal tubular Na^+^ transporters could account for the increased Na^+^ excretion after blockade of proximal SGLT2 by dapagliflozin after adaptation to bumetanide. PRA was doubled by 1 week of diuretics, as previously described,[14](#jah32940-bib-0014){ref-type="ref"}, [18](#jah32940-bib-0018){ref-type="ref"}, [25](#jah32940-bib-0025){ref-type="ref"}, [29](#jah32940-bib-0029){ref-type="ref"} whereas it was unchanged by dapagliflozin alone or by addition of dapagliflozin to bumetanide. This may be important because an increase in PRA and angiotensin II can increase protein excretion in CHF that enhances the activity of the collecting duct epithelial sodium channel and thereby enhances Na^+^ reabsorption.[30](#jah32940-bib-0030){ref-type="ref"} Indeed, dapagliflozin reduces proteinuria in diabetic patients and rat models,[29](#jah32940-bib-0029){ref-type="ref"} independent of the renin‐angiotensin system.[31](#jah32940-bib-0031){ref-type="ref"}

Daily renal K^+^ excretion was greater during combined therapy than during dapagliflozin alone. Accordingly, serum potassium was reduced more when administered with bumetanide. Hypokalemia with loop diuretics has been attributed variously to flow‐mediated K^+^ secretion in the distal nephron[32](#jah32940-bib-0032){ref-type="ref"} or to effects of K^+^ arginine vasopressin[33](#jah32940-bib-0033){ref-type="ref"} or hyperaldosteronism.[33](#jah32940-bib-0033){ref-type="ref"}, [34](#jah32940-bib-0034){ref-type="ref"} The greater K^+^ excretion and hypokalemia with combined therapy may be a consequence of hyperaldosteronism because there were high levels of PRA. Serum potassium should be monitored during combined therapy.

Dapagliflozin enhanced urate excretion and urate clearance and reduced serum urate substantially,[35](#jah32940-bib-0035){ref-type="ref"}, [36](#jah32940-bib-0036){ref-type="ref"} whereas bumetanide alone reduced urate clearance. An enhanced proximal urate reabsorption with loop diuretics has been ascribed to volume depletion.[37](#jah32940-bib-0037){ref-type="ref"} Moreover, both uric acid and loop diuretics are substrates for the apical proximal tubule human sodium phosphate transporter 4 (SLC17A3)[38](#jah32940-bib-0038){ref-type="ref"} and the proximal multidrug resistance protein 4.[39](#jah32940-bib-0039){ref-type="ref"} Thus, loop diuretics might compete for the renal secretion of uric acid. Glucose reabsorption enhances urate reabsorption via the sugar‐related human uric acid transporter/channel.[40](#jah32940-bib-0040){ref-type="ref"} Thus, an increase in proximal tubule fluid glucose delivery with dapagliflozin may decrease proximal tubular urate transport and thereby increase urate clearance.[41](#jah32940-bib-0041){ref-type="ref"}

There was no apparently significant pharmacokinetic interaction between dapagliflozin and bumetanide. There was a relatively high frequency of nausea, vomiting, and dizziness that may have been related to the administration of the salt tablets.

We acknowledge some limitations. First, we measured Na^+^ excretion in 6‐hour, 24‐hour, and 1‐week periods rather than changes from baseline because the Na^+^ excretion on the predosing day was low because subjects were fasted to undertake pharmacokinetic studies. More important, all 42 subjects consumed identical meals throughout the 16 days. Therefore, between‐group comparisons would not be prejudiced. We elected to undertake this initial study in a homogeneous group of normal subjects. The effects were more modest than would be anticipated in patients with T2DM who have an increased filtered load of glucose and therefore an enhanced excretion of glucose, osmoles, and Na^+^.[42](#jah32940-bib-0042){ref-type="ref"} Nevertheless, substantial adaptive changes were apparent, despite the relatively small natriuretic effect of dapagliflozin in these euglycemic subjects.

In conclusion, the combination of bumetanide and dapagliflozin was generally well tolerated, although dapagliflozin enhanced the hypokalemia with bumetanide. There was no apparent first‐dose additive natriuresis with dapagliflozin and bumetanide. However, 1 week of accommodation to dapagliflozin increased in Na^+^ excretion with bumetanide, likely reflecting an adaptive increase in Na^+^/K^+^/2Cl after inhibition of Na^+^/glucose cotransport in the upstream proximal tubule. Moreover, 1 week of accommodation to bumetanide increased Na^+^ excretion with dapagliflozin, likely reflecting enhanced proximal tubule Na^+^ reabsorption after some volume depletion after 1 week of bumetanide administration. Further studies will be required to probe the clinical significance of these interactive effects in patients with CHF and T2DM.

Perspective {#jah32940-sec-0028}
-----------

An SGLT2 inhibitor given to patients with T2DM reduces cardiovascular events[10](#jah32940-bib-0010){ref-type="ref"} and BP,[23](#jah32940-bib-0023){ref-type="ref"} which have been attributed to volume loss.[23](#jah32940-bib-0023){ref-type="ref"} The positive natriuretic effect of bumetanide added to dapagliflozin in subjects adapted to a loop diuretic therefore may extend the volume‐depleting and antihypertensive actions of loop diuretics, which could be beneficial for patients with resistant CHF and hypertension, as shown recently for patients with nephrotic edema.[43](#jah32940-bib-0043){ref-type="ref"} Dapagliflozin\'s uricosuric action more than compensated for the reduction in urate excretion with bumetanide when given in combination. Thus, dapagliflozin should address favorably both inadequate correction of blood volume and hypertension and 2 adverse metabolic consequences of loop diuretics: hyperglycemia and hyperuricemia.
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